Objective: To identify the body mass index (BMI; in kg/m 2 ) cutoff that predicts the risk for obesity-related metabolic disorders for the Chinese population. Design: Community-based cross-sectional survey. Setting: Rural regions of Jiangxi and Anhui provinces and an urban community of Jing'an District of Shanghai, China. Subjects: Five hudred and twenty-nine non-pregnant, non-lactating urban and rural adults, aged 20-64 years without diagnosed diabetes. Results: Subjects were divided into two groups: with or without obesity-related metabolic disorders, which was defined as having at least one of the following: hypertension, insulin resistance, high plasma triacylglycerol, low-density lipoproteincholesterol or glucose. Gender-specific multiple logistic regression analysis demonstrated a significant dose-response relationship between BMI and obesity-related metabolic disorders, after adjusting for potential confounders. The lowest BMI interval associated with significant risk for both men and women (odds ratios of 2.67 and 3.46, respectively) was that of 22.5-24.4. Receiver-operating characteristic (ROC) curve analysis indicated that a BMI cutoff of 23 had the best combination of sensitivity and specificity and the shortest distance in the ROC curve, with positive and negative predictive values of 0.6-0.7 in both genders. Conclusions: A BMI cutoff of 23 might be appropriate for use in identification of high risk of obesity-related metabolic disorders and serve as a public health action threshold in the Chinese population.
Introduction
It is well established that excess body fat increases the risk for a number of disease conditions (Mann and Truswell, 1998) . Body mass index (BMI: weight in kg/(height in m) 2 ) correlates well with adiposity, morbidity and mortality and is universally used to diagnose obesity (Mann and Truswell, 1998) . The US and many other countries have adopted the World Health Organization (WHO) recommendation of using BMI cutoffs of 25 and 30 to define overweight and obesity, respectively. These cutoffs are primarily derived from studies in white, Caucasian populations (WHO, 1995) .
As more data become available from a variety of ethnic groups, the generalizability of those cutoff points has been questioned. As compared with Caucasian, some Asians populations including Chinese have higher body fat (Deurenberg et al., 1998; Deurenberg-Yap et al., 2000; Ko et al., 1999) at a given BMI. Although obesity is rare in these Asian populations by the Western criteria, their prevalence of hypertension, dyslipidemia and diabetes is emerging dramatically and become comparable to the rate in US population (Moon et al., 2002; Gu et al., 2003; Pan et al., 2004) . In response to these findings, a WHO expert consultation recently introduced 23 as a new BMI cutoff for public health action for Asian populations (WHO Expert Consultation, 2004) . Waist circumference, a measure of abdominal fat distribution, has close correlation with BMI. Studies have shown that increased waist circumference is an independent risk factor for cardiovascular disease, and proposed to use BMI and waist circumference concurrently to indicate health risks of overweight and obesity (Seidell et al., 2001; Zhu et al., 2002) . Similar to the findings from BMI-disease analysis, recent studies also recommend lowering the waist circumference cutoffs in these Asian populations (Tan et al., 2004) . Because these new recommendations are based on limited data available at that time, more clinical or epidemiological studies are called for validation.
Obesity and its comorbidities have been increasing at an alarming rate in China, where cardiovascular disease is now the leading cause of death (Caballero and Popkin, 2002; Reynolds et al., 2003) . It has become an essential task to establish an appropriate BMI cutoff for facilitating public health intervention and monitoring. The objective of the present study was to evaluate the relationship between BMI and obesity-related metabolic disorders and to identify the BMI cutoff that predicts that risk among Chinese adults.
Subjects and methods

Subjects
The China Nutrition Transition study was a communitybased cross-sectional survey performed in 2002. A three-stage stratified random sampling method was used to select a representative sample from rural and urban populations from east China, defined according to the criteria of the National Statistics Bureau of China. The ratio of rural population to urban population was about 2:1 in 2000. In proportion to this ratio, we randomly selected two rural regions (Wuning County in Jiangxi Province and Juchao County in Anhui Province) and one urban district (Jing'an District of Shanghai) in the first stage. In the second stage, 10 villages or neighborhoods from each site were randomly selected. The third stage consisted of a random selection of 10 households from each village or neighborhood based on local household census data. Thus, 300 households were randomly selected from 30 primary sampling units (villages in rural area and neighborhood in urban area). All family members aged 8-64 years were eligible for the study. Pregnant and lactating women and subjects with diagnosed diabetes were excluded from the study. All subjects were of Han ethnicity, the most predominant group in China. Participation rate was 78% in rural and 70% in urban areas. The main reason for non-participation was absence from the local residency on the day of the examination. This report includes only adults 20-64 years of age. The study protocol was reviewed and approved by Ethics Committees at the Johns Hopkins Bloomberg School of Public Health and at the Chinese Academy of Medical Science. All subjects gave their written, informed consent.
Measurements
Participants were asked to fast overnight and to attend a local health-care station for a physical exam. Under the supervision of study investigators, data collection was performed by local health-care workers after comprehensive training on each specific tool and methodology employed. Weight and height were measured with subjects wearing light clothing and no shoes. Smoking status, alcohol consumption and occupational physical activity were assessed using the Behavior Risk Factors Survey System Questionnaire, adapted previously for use in the Chinese population (CDC, 2000) .
Systolic and diastolic blood pressures were measured twice after 5 min rest in the seated position using a mercury sphygmomanometer. First and fifth Korotkoff sounds were taken as systolic and diastolic blood pressure, respectively. All subjects underwent an oral glucose tolerance test following the WHO protocol (WHO, 1985) .
Blood specimens were centrifuged within 30 min to separate plasma at each site immediately after blood draw, and shipped in frozen state by using dry ice to a central clinical laboratory in Shanghai No. 6 People Hospital. Specimens had been stored at -701C until laboratory assays could be carried out. Fasting and 2-h plasma glucose was measured in an automated analyzer (Hitachi High-Technologies Corporation, Japan) using the glucose oxidase method (CVo5%). Plasma triacylglycerol and LDL-cholesterol were measured in the same analyzer by an enzymatic method (CVo5%) (National Cholesterol Education Program Laboratory Standardization Panel, 1990) . Fasting plasma insulin was determined by radioimmunoassay (CVo10%) (Linco Research, Inc., St. Charles, Missouri, USA).
Definition of obesity-related metabolic disorders
We defined obesity-related metabolic disorders as having one or more of the following: hypertension, high triacylglycerol, high low-density lipoprotien (LDL)-cholesterol, insulin resistance and high glucose. Hypertension was defined as having a systolic blood pressure X140 mm Hg and/or diastolic blood pressure X90 mm Hg, or using antihypertensive medication (Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure, 1997). High triacylglycerol (X1.7 mmol/l) and high LDL-cholesterol (X4.13 mmol/l) were defined according to the National Cholesterol Education Program criteria (National Cholesterol Education Program Laboratory Standardization Panel, 1990 ; National Cholesterol Education Program Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults, 2001). We used the criteria of the European Group for the Study of Insulin Resistance (Balkau and Charles, 1999) to define insulin resistance (fasting plasma insulin 475th percentile of the non-diabetic population) and high glucose (fasting glucose X6.1 mmol/l and/or 2-h glucose X7.8 mmol/l).
Statistical analysis
All Statistical analyses were performed using STATA7.0 (Stata Corp., College Station, TX, USA). The sampling weights were calculated based on the year 2000 China Population Census data and our sampling scheme. The sampling weights and sampling design were incorporated into statistical analysis to derive design-adjusted estimates. We applied survey analysis procedures (svytab, svytest, svylc, svyreg and svylogit) to take into account the effect of study design by using Taylor series linearization method. These procedures allow users to specify primary sampling units, stratification identification and sampling weights. Once the sampling information is constructed into the dataset, invoked statistical procedures generate design-adjusted mean, percentage, standard errors and regression coefficients.
Subjects' characteristics were compared between men and women by using design-adjusted Wald test. Body mass index was categorized into six groups: o18. 5, 18.5-20.4, 20.5-22.4, 22.5-24.4, 24.5-26.4 and X26.5 kg/m 2 . Because there were few subjects with BMIX26.5 kg/m 2 , we limited our categories to that level. Using logistic regression models, we estimated the odds of having obesity-related metabolic disorders in each BMI category, adjusting for age, physical activity, smoking status, average daily alcohol consumption and residency, for each gender. The reference group was set at BMI of 18.5-20.4 kg/m 2 . We dichotomized physical activity into active and inactive categories, based on occupational physical activity, which in Chinese population accounts for almost 80% of daily physical activity (Yao et al., 2002) . Smoking status was grouped into smoker and non-smoker categories. Regression analysis was used to test the trend of increasing prevalence and odds ratios of obesity-related metabolic disorders with BMI increment.
Sensitivity, specificity and positive (PV þ ) and negative (PVÀ) predictive values were calculated for every unit of BMI over the entire range. Gender-specific receiver-operating characteristic (ROC) curve was constructed to visually represent the relationship between true-positive (sensitivity) and false-positive (1-specificity). A greater area under the curve (AUC) indicates better predictive capability. An AUC ¼ 0.5 indicates that the test performs no better than chance, and an AUC ¼ 1.0 indicates perfect discrimination.
Distance in ROC curve was calculated according to the equation (Zhu et al., 2002) :
Results
Descriptive statistics
Characteristics of the study population, including prevalence of obesity-related metabolic disorders are shown in higher alcohol intake, a higher proportion of smokers, and higher prevalence of hypertriglyceridemia. More women than men met our criteria for insulin resistance (P ¼ 0.03). About 46% of subjects had one or more obesity-associated metabolic disorders.
Logistic regression analysis
Prevalence of obesity-related metabolic disorders increased progressively with BMI increment in both men and women (P for trend o0.001). Increasing BMI was also associated with larger number of metabolic disorders (Po0.001, Table 2 ). At the BMI interval of 22.5-24.4 kg/m 2 , 41% of the sample had one metabolic abnormality, 12% had two and 4% had three. At the highest BMI interval (X26.5 kg/m 2 ), nearly 75% of the sample had one or more disorders. Figure 1 shows a significant dose-response relationship between BMI and the risk of obesity-related metabolic disorders, after adjustment for age, smoking status, alcohol consumption, physical activity and residency (P for trend 
Receiver-operating characteristic curve analysis
Body mass index's ability to identify individuals with metabolic disorders was evaluated by constructing genderspecific ROC curves (Figure 2 ). AUC in both genders were significantly higher than what would be expected by chance alone, which indicated that BMI performed reasonably well in discriminating the risk of metabolic disorders. Table 3 lists sensitivity, specificity, predictive values and distances in the ROC curves relative to BMI cutoffs ranging from 18 to 29 kg/ m 2 . In both men and women, a BMI threshold of 23 kg/m 2 had the largest sum of sensitivity and specificity, the shortest distance in the ROC curve, and the narrowest difference between PV þ and PVÀ. Using the highest summation of sensitivity and specificity as the decision rule to select BMI cutoffs, each individual risk factor was best identified at BMI range of 22-24 kg/m 2 . More specifically, BMI 23 kg/m 2 was best for identification of hypertension in men and high triacylglycerol and LDL-cholesterol in men and women, BMI 22 kg/m 2 for insulin resistance in men and women and finally BMI 24 kg/m 2 for hypertension in women and high glucose in men and women.
Discussion
Using obesity-related metabolic disorders as the risk indicator of choice, the present study showed that the risk increased with BMI in a dose-dependent manner in both men and women. A BMI of 22.5-24.4 kg/m 2 , considered normal by the WHO cutoff for overweight, was still associated with more than double risk, as compared with a Figure 1 Logarithm of odds ratios with 95% CIs for presence of obesity-related metabolic disorders derived from a logistic regression model using body mass index at 18.5-20.4 kg/m 2 as reference group, after adjusted for age, physical activity, smoking status, alcohol consumption and residency, in men and women. *Logarithm of odds ratio is significantly higher than 0 (Po0.05). BMI interval of 18.5-20.4 kg/m 2 . And our ROC curve analysis suggests that a BMI of 23 kg/m 2 had the best combination of sensitivity and specificity in identifying obesity-related metabolic disorders. Based on our survey and previous reports, less than 20% of Chinese adults less than 65 years are overweight (Bell et al., 2001) , as defined by BMI X25 kg/m 2 , which are much lower than the prevalence of around 65% in the US population (Hedley et al., 2004) . However, obesity comorbidities in Chinese population have rates much closer to the US population's (American Heart Association, 2002; Gu et al., 2003; Critchley et al., 2004) . For example, prevalence of diabetes has increased to 5.3% in Chinese adults, which is comparable to the rate of 7.8% in Americans . In addition, Chinese had a stronger association between BMI and obesity-related disease conditions (Colin et al., 2002; Pan et al., 2004) as compared with US population. A moderate increase in BMI makes Chinese more prone to hypertension, dylispidemia and hyperuricemia. In the present study, the prevalence of obesity-related metabolic disorders increased progressively with BMI. After adjusting for potential confounders, the risk of obesity-related metabolic disorders significantly raised when BMI was at or above 22.5-24.5 kg/m 2 . Our findings, using metabolic indices commonly associated with excess body weight, are consistent with others using different indicators in Chinese and other Asian populations, also pointing an increased risk at a BMI below 25 kg/m 2 (Colin et al., 2002; Moon et al., 2002; Snehalatha et al., 2003; Shiwaku et al., 2004) . Body composition and body fat distribution are two important determinants of the risk of obesity-related metabolic disorders. At any given BMI, some Asians populations have a higher percentage of body fat than whites. Deurenberg et al. (1998) estimated that at the same percentage of body fat, Chinese have 1.9 lower BMI units than Caucasians. Wang et al. (1994) reported that Shanghai Chinese migrating to US have a lower BMI but a higher percentage of body fat than white people of the same age and sex (Wang et al., 1994) . Also Asian origin is associated with higher visceral adiposity at the same level of total fatness (Park et al., 2001) . The slender body build with less muscle mass and relatively short leg length in some Asian population are among the possible reasons to explain these differences (Deurenberg et al., 1999) . Finally, it is well established that early undernutrition may significantly increase the risk for obesity and cardiovascular diseases in adult life (Lawlor et al., 2002; Zhao et al., 2002) . This combination of undernutrition in childhood with overnutrition in adulthood is typical of developing countries in nutritional transition, such as China (Caballero and Popkin, 2002) . These biological and environmental differences might partially account for greater prevalence of obesity-related risk factors at low BMI values and a stronger BMI-diseases association in some Asian populations, as shown in the present and previous studies.
In this analysis and previous studies, the association between BMI and obesity-related disease conditions is continuous and no indication of a U-shaped relationship, which makes the selection of a BMI cutoff complex (Snehalatha et al., 2003; Pan et al., 2004; Shiwaku et al., 2004; Wildman et al., 2004) . Several criteria have been proposed to select cutoffs, for example, greatest sum of sensitivity and specificity (Youden, 1950; Ko et al., 1999; Vassilakopoulos et al., 2001) , equivalence of positive and negative predictive value, and the shortest distance in the ROC curve (Zhu et al., 2002) . In our study, a BMI of 23 kg/m 2 had the best combination of sensitivity specificity, the shortest distance in the ROC curve and had a similar positive The selection of cutoff points for continuous variables usually involves compromise between sensitivity and specificity (Godis, 2000) . In the case of BMI, lower cutoffs will provide higher sensitivity, but may classify many persons as overweight who have no adverse obesity-related health conditions. Conversely, a higher BMI cutoff will result in high specificity, but also high false-negative rates. From a prevention policy standpoint, sensitivity may be a more desirable feature, as it would allow capturing more individuals into the prevention net. From a cost-benefit consideration, however, targeting too many false positives into a prevention program may increase the cost while provide little impact on prevalence. Further studies on the cost of false positive and false negative are needed to suggest a cutoff point which minimizing the cost of mistake.
Given the continuous nature of the BMI-disease relationship, it must be acknowledged that selection of any BMI cutoff represents a somewhat arbitrary compromise, using sensitivity and specificity as a guide. In fact, there is no single BMI point dividing presence or absence of metabolic or cardiovascular risk (Wildman et al., 2004) . Nevertheless, cutoffs are commonly used public health tools for selecting and targeting high-risk groups.
Because ours was a cross-sectional survey, we could not test temporal relationship between BMI and obesity-related metabolic disorders. Also other obesity comorbidities, such as cancer or cholelithiasis, and mortality may have different relationship with BMI (Zhu et al., 2002) . On the other hand, our study was based on a representative sample of east Chinese adults and the analysis accounted for potential confounders such as age, physical activity, smoking, alcohol drinking and place of residency. Finally, different criteria for selecting a threshold value have been considered and resulted in the same result.
In conclusion, using obesity-related metabolic disorders as the health outcome, a BMI of 23 kg/m 2 might be an appropriate cutoff for identifying the proportion of people with increased risks, which would further warrants a public health or clinical intervention for the Chinese population, where cardiovascular disease is increasing at an alarming rate.
